A test chamber was projected and built (according to ISO 16000-9 Standard) to simulate atmospheric conditions experienced by rubber infill (when applied in synthetic turf pitches) and measure accurately the airborne emissions of pollutants such as dusts and volatile organic compounds (VOC), as well as pollutants present in leachates. It should be pointed out that standard ISO 16000-9 is only concerned with the determination of the emission of VOC from building products and furnishing (not specific of synthetic turf materials), whereas other standards are concerned with the emission of leachates only. This procedure is to be considered as a technical option to the lysimeter "global turf system evaluation" when the rubber infill alone is to be evaluated. The advantage of the proposed option considering this "test chamber" is its simplicity and economy. This test chamber is actually installed and being used for tests in LAIST.
Introduction
Synthetic turf areas are, nowadays, well-established in almost all sport facilities. Many synthetic turf fields consist of not only artificial grass but also rubber-granulated material that is used as infill. In fact, disposal of used tires has been, since long, a major problem in solid waste management (U.S. Environmental Protection Agency, 2000) . Thus, recovery and recycling of rubber from used tires is an important environmental protection measure, which lead to the development of processes capable of using the rubber contained in the tires. Several of these processes involve the conversion of the tire into more manageable physical materials, such as the manufacture of tire crumbs, or rubber granulates, from spent vehicle tires (Wilczek et al., 2004) .
As recycled tires may contain several substances of high concern (Bocca et al., 2009) , such as polycyclic aromatic hydrocarbons (PAHs) and heavy metal species; the environmental and health compatibility of the synthetic turf has to be guaranteed during its use. Environmental and health risks of loading in sports areas with used tires might be the possible release of dangerous particles to the air, contamination of soil and groundwater by soluble pollutants of the materials extracted by rain water, and the health hazard for residents and users of sport areas by inhalation of pollutants (Swedish Chemicals Inspectorate, Kemi, 2006) .
This has led to the development of previous studies of environmental assessment concerning certain classes of pollutants, such as heavy metals (Adachi and Tainosho, 2004; Councell et al., 2004; Homer, 2006; Bocca et al., 2009) , inorganic species (San Miguel et al., 2002) , from tire leachates (Nelson et al., 1994; Gualteri et al., 2005) , as well as toxicity assessments using biological organisms (Day et al., 1993; Birkholz et al., 2003; Wik and Daves, 2006) . However, full assessments for all involved potentially resulting pollutants have not been systematically performed so far.
RESEARCH ARTICLE
Design of a new test chamber for evaluation of the toxicity of rubber infill 
New test chamber 623
In a previous work (Gomes et al., 2010) , the authors described a study that led to a more complete evaluation of the major potential critical factors related with the release of pollutants from coated rubber granulates by comparison with uncoated ones.
Description of the chamber
A test chamber was projected and built, according to the international standard ISO 16000-9 (ISO 16000-9, 2006) to simulate atmospheric conditions experienced by rubber infill (when applied in synthetic turf pitches) and measure accurately the airborne emissions of pollutants such as dusts and volatile organic compounds (VOC), as well as pollutants present in leachates. It should be pointed out that standard ISO 16000-9 is only concerned with the determination of the emission of VOC from building products and furnishing (not specific of synthetic turf materials), whereas other standards are concerned with the emission of leachates ( DIN V 18035-7, 2002; ISO 8692, 2004) only. The chamber consists of a Perspex ® closed box where temperature, light, and radiation exposure, "rain" exposure, and air circulation can be simulated and controlled, in order to simulate and reproduce different climacteric conditions. Inside, there is a board with a superficial area of 0.48 m 2 that simulates the infill application in a football pitch (15 kg/m 2 , which means 8.40 kg of sand and 7.2 kg of rubber infill).
To simulate an increasing temperature, up to a maximum of 40°C, as well as radiation, there are two infrared lamps. To simulate the rain there is a shower with a controlled flow and to simulate the wind there are two blowers with controlled flow (1.25 m 3 /m 2 h). The produced leachates are collected (0 h, 24 h, 72 h, 28 days) and analyzed. The air inside the chamber is also collected and analyzed, according to ISO 16000-9 (2006) . Figures 1 and 2 show the configuration and dimensions of the chamber. Figures 3 to 7 show the chamber and its auxiliary equipment.
Materials and methods
In order to increase the utilization possibilities of the New test chamber 625 rubber granulates produced by Recipneu, studies were made aiming to obtain synthetic coatings for these granulates, in a color (green) that would facilitate its incorporation in artificial turf to be used for sports facilities. The main requirements were to obtain a coating that would adhere efficiently to the rubber granules, maintaining its original elastic properties, color stability, even when subjected to adverse weather conditions, resistance to wear and also temperature. It was also expected that this coating will be effective in reducing emissions of leachates, and airborne substances, thus being beneficial both in terms of the health of exposed individuals and also to the environment as a whole, as described elsewhere, designated as Grainbow ® process and products (Gomes et al., 2010) . Therefore, four samples of cryogenic rubber infill (references: DC-0814, DC-1430, DC-0102, and RA-1435), 2 kg each, were studied at two different temperatures: 25-30°C and 40°C, with constant air circulation, but without air renovation. References DC-0814 and DC-1430 are cryogenic rubber infill, differing mainly in size distribution; DC-0102 is a semi-cryogenic rubber infill and RA-1435 is mechanical rubber infill.
Regarding airborne emissions, the following ones were determined: VOC, particulate matter, total hydrocarbons, sulfide, formaldehyde. VOC were determined in air sampled from the test chamber using a photometric analyzer Phocheck 1000, from IonScience (Fowlmere, UK). Particulate matter was measured using an automatic laser monitor Dust Trak 8520, from TSI. For total hydrocarbon test, a volume of air, circulated from the chamber, ranging between 12.5 and 18.75 L, passed through hexane using a biosampler. The collected sample was analyzed by GC-FID 5890, Series II, from Hewlett-Packard, determining the content of hydrocarbons in the range C10-C40 (high-molecular-weight hydrocarbons). The air collected in the chamber passed through a cadmium acetate solution, using a biosampler, for fixing the cadmium sulfide ion (yellow), and thus determining sulfide concentration. Samples were also analyzed using colorimetric tube detectors for formaldehyde and a Gastec GV100 pump for sampling collection.
This study also included the analysis of significant heavy metals content in acidic water leachates. The determined heavy metal species were the ones, previously referenced (Adachi and Tainosho, 2004; Bocca et al., 2009) as being present in high content in tires, and also that are particularly harmful to the environment. Those are subjected to specific limits in regulations such as the German standard DIN V 18035-7 (2002): cadmium (Cd), chromium (Cr), mercury (Hg), lead (Pb), tin (Sn), and zinc (Zn). It should be noted that hexavalent chromium (Cr 6+ ) was not determined as the measured values for total chromium were lower than the prescribed limit value for hexavalent chromium. Rubber materials were mixed with water in a ratio 1:10, in weight. The mixture was saturated by bubbling carbon dioxide at a flow rate of 50 mL/min, resulting in an acidic pH (around 4-5) during leaching tests. The first cycle lasted for 24 h, and then the mixture was filtered at 0.45 µm resulting in the 24 h leachates. The solid material was subject to another leaching test using the same conditions for more 24 h, resulting in a total of 48 h leaching. The heavy metals content was determined by ICP/OES using Perkin Elmer Optima 3000 equipment, with a coupled Perkin Elmer graphite chamber, for all metals except mercury, where a cold vapor device Perkin Elmer FIMS 400 was used. Regarding ecotoxicity, a leachate was obtained by passing 70 L/m 2 of water through the rubber infill sample, at two different temperatures, 25-30°C and 40°C. Ecotoxicity tests were performed, using Daphnia magna and microalgae 
Obtained results
The measured VOC content is presented in Table 1 and Figure 8 . It can be noticed that determined VOC content is somewhat higher in emissions from DC-0102 (semi-cryogenic) and RA-1435 (mechanical) than the ones obtained from cryogenic rubber infill (DC-0814 and DC-1430), as expected as the cryogenic process is much more effective in crushing rubber tyres and previously releasing airborne emissions (Gomes et al., 2010) . The same behavior was observed in particles released from rubber infill, whereas the determined emissions from RA-1435 are considerably higher than the other ones, as shown in Table 2 and Figure 9 . In this last case, semi-cryogenic and cryogenic rubber infill behave in a similar way.
Regarding hydrocarbon content, the obtained results were lower than the detection limit of this method (4 mg/ m 3 ). For samples DC-0102 and RA-1435, the hydrocarbon determination also took place collecting 12.5 L of air in Freon, which was later on analyzed by FTIR. The results of these tests are shown on Table 3 .
It should be noted that the GC-FID method measures only the hydrocarbons having 10 or more carbon atoms and the FTIR method determines all types of hydrocarbons. Therefore, as the concentrations determined by FTIR are higher than the ones determined by GC-FID, we can conclude that the released hydrocarbons mostly composed of light hydrocarbons. Using the absorption method previously described, the presence of sulfide ion was not detected, and the obtained concentrations were lower than the detection limit (<0.03 mg/m 3 ). In what concerns heavy metals determination in the resulting leachates, the obtained results are presented in Tables 4,  and Table 5 shows the obtained results for determination of the eco-toxicity of leacheates. In what concerns heavy metals, the determined concentration in the leachates is very small, complying with the limit values of standard DIN 18035-7.
Referring to ecotoxicity, we can conclude that the rubber infill leachates cannot be considered as toxic both for D. magna or microalgae S. capricornutum.
All these tests were made using the previously described chamber and, therefore, account for a global toxicity evaluation, comprising both the emission of airborne pollutants (VOC, particulate matter, total hydrocarbons, sulfide, and formaldehyde) as well as the emission of leachates, the latter being analyzed in terms of ecotoxicity.
Conclusions
The study presented in this article illustrates the use of the described test chamber as effective for simulating atmospheric conditions experienced by rubber infill (when applied in synthetic turf pitches) and measuring accurately the different leachates as well as emission parameters. Therefore, this procedure is to be considered as a technical option to the lysimeter "global turf system evaluation" when the rubber infill alone is to be evaluated. The advantage of the proposed option considering this "test chamber" is its simplicity and economy. This test chamber is actually installed and being used for tests in LAIST. It should also be pointed out that this chamber allows a more complete assessment of the toxicity related with in-service use of rubber infill, as it comprises the execution of tests regarding not only airborne emissions but also leachates, which, up to now, has been made separately, and was pointed out as a limitation on the existing studies and methodologies (Wik and Daves, 2009 ). In fact, the actual public concern about toxic chemicals possibly contained in rubber infill has been escalating but is based on very limited information available to date (Zhang et al., 2008) . The presented methodology allows to obtain data that will help to assess potential health risks associated with chemical exposure.
In the future, with proper modifications, this test chamber could also be employed for aging tests. Other envisaged improvements that would allow the execution of more elaborated tests include water feed with and without recycling, consideration of different temperature stages. This will allow the execution of tests comprising the acceleration of aging phenomena, and also focusing on potential environmental and safety issues such as emissions of leachates, VOCs, suspended dust, and PAHs emitted during these tests.
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